Abstract X linked hypophosphataemia (XLH) results from an abnormality of renal tubular phosphate reabsorption. The disorder is inherited as an X linked dominant trait and the gene has been mapped to Xp22.1-p22.2. A candidate gene (PEX) has recently been isolated. The most striking clinical features are growth retardation and skeletal abnormalities. As expected for X linked dominant disorders, females are less affected. However, such a gene dosage effect does not exist for renal phosphate reabsorption. Preferential X chromosome inactivation has been proposed as a possible explanation for this lack of gene dosage. We have examined the X inactivation pattern in peripheral blood cells from 12 females belonging to seven families with XLH using PCR analysis at the androgen receptor locus. The X inactivation pattern in these patients did not differ significantly from the pattern in 30 healthy females. The X inactivation pattern in peripheral blood cells does not necessarily reflect the X inactivation pattern in renal cells. However, the finding of a normal distribution of X inactivation in peripheral blood cells indicates that the similarity in the renal handling of phosphate in male and female patients is not related to a ubiquitous preferential X inactivation. (37Med Genet 1996;33:700-703) 
p22.2. A candidate gene (PEX) has recently been isolated. The most striking clinical features are growth retardation and skeletal abnormalities. As expected for X linked dominant disorders, females are less affected. However, such a gene dosage effect does not exist for renal phosphate reabsorption. Preferential X chromosome inactivation has been proposed as a possible explanation for this lack of gene dosage. We have examined the X inactivation pattern in peripheral blood cells from 12 females belonging to seven families with XLH using PCR analysis at the androgen receptor locus. The X inactivation pattern in these patients did not differ significantly from the pattern in 30 healthy females. The X inactivation pattern in peripheral blood cells does not necessarily reflect the X inactivation pattern in renal cells. However, the finding of a normal distribution of X inactivation in peripheral blood cells indicates that the similarity in the renal handling of phosphate in male and female patients is not related to a ubiquitous preferential X The renal phenotype therefore seems to be fully dominant without a gene dosage effect.
In female mammalian cells one of the two X chromosomes is inactivated.8 This inactivation is thought to be random, affecting either the paternal or the maternal X chromosome. By chance, X chromosome inactivation will lead to a skewed pattern in some females, with the paternal or maternal X as the active X in most cells. Female carriers of X linked recessive disorders may therefore on rare occasions be affected. In female carriers of X linked dominant disorders a greater variation in manifestation of the disorder is expected, depending on the pattern of X inactivation. Indeed, females who are obligate carriers of XLH have been described without any evidence of bone disease.5
A skewed X inactivation in carriers of X linked disorders may be the result of a post-transcriptional selection against the X chromosome carrying the mutant or the wild type allele. One suggested explanation for the dominant renal phenotype is the preferential inactivation of the X chromosome carrying the wild type allele. 3 We therefore determined the X inactivation pattern in 13 females with XLH and compared it with the X inactivation pattern in 30 control females.
Materials and methods

SUBJECTS
Thirteen female patients with XLH were examined (table 1). Ten of the females belonged to four families with more than one affected patient, whereas the remaining three patients had no family history of XLH (fig 1) . All patients except the obligate carrier of family B (IV. 1) were examined by one of us, and the diagnosis was based on typical clinical, radiological, and biochemical parameters.
X chromosome inactivation pattern in female carriers ofX linked hypophosphataemic rickets All patients were diagnosed in early childhood except patient II.1 in family A. This patient was examined at the age of 70 years when her daughter was referred for genetic counselling. She had very carious teeth in childhood and adolescence but considered herself healthy and had not previously been diagnosed as having XLH. She had short legs, left sided genu valgum, and radiological findings in agreement with rickets. She had a serum phosphate concentration of 0.9 mmol/l, which is in the lower normal range for a female of 70 years ( 
The two sisters of family C had classical XLH. A younger brother (II.3) died in infancy, but a diagnosis could not be provided. Their father is dead and was rather short (170 cm). Their mother had lost her teeth at an early age, but was not available for further examination. It is therefore not posgible to determine the origin of the mutant allele in this family.
Blood samples were obtained from the patients with informed consent and DNA was isolated by standard procedures. DNA from apparently healthy medical students was used as controls.
MOLECULAR GENETIC ANALYSIS OF X INACTIVATION
The X inactivation pattern was determined using PCR analysis of the first exon of the androgen receptor locus which contains a highly polymorphic trinucleotide repeat.'0 Methylation of HpaII sites close to this short tandem repeat has been found to correlate with X chromosome inactivation. The HpaII site on the inactive X chromosome is methylated and resists cleavage by the enzyme. PCR products were obtained from the inactive X chromosome only, and were separated on a polyacrylamide gel and exposed to x ray films (fig 2) . The density of the bands representing the maternal and paternal allele were determined using a Shimadzu Scanner (CS 9000). The details of the PCR analysis have been described previously." The X inactivation pattern in peripheral blood cells in the 12 patients did not differ significantly from the pattern found in 30 control females. It is therefore not likely that a ubiquitous preferential inactivation of the X chromsosome carrying the wild type allele is the explanation for lack of dosage effect on the renal defect in XLH. Random X inactivation in peripheral blood cells, however, does not exclude the possibility of non-random X inactivation in renal tubule cells. This could arise by selection against cells with the wild type allele on the active X chromosome in certain tissues only. Furthermore, the number of patients in our study was small, and we do not know if the skewing in the eight patients with non-random X inactivation was directed towards the mutant or wild type allele. A larger series of patients with a known direction of the skewing may decide if there is a significant excess of skewing in peripheral blood cells in patients compared to normal females.
X inactivation may contribute to a more variable phenotype in females than in males with X linked dominant disorders. It would therefore be of interest to correlate X inactivation pattern with severity of bone disease. The severity of XLH is difficult to assess precisely and clinical manifestations may be modified by treatment. However, in severely affected patients in this material, both a skewed pattern (patient III.2, family A) and a random pattern (patients III.1, family B, IL.1, family C, I.1, family D, and I.1, family G) was found (table   1) . It therefore does not seem likely that the phenotype of bone disease is correlated to X inactivation pattern in peripheral blood cells.
The study of X inactivation in renal tubule cells and bone will be necessary to elucidate the role of X chromosome inactivation in the phenotypic expression of XLH in females.
